Abstract The purpose of this study was to determine the prevalence of, and associated risk factors for, 30-day perioperative death following primary total hip arthroplasty (THA). Data of all the patients were compiled from the computerized total joint registry at a single institution. Between May 1993 and May 2006, 3,232 consecutive primary THA (2,453 elective and 779 nonelective) were performed. Eleven deaths occurred during the first month after surgery (0.34 %). Thirty-day mortality rate after elective THA was 0.08 % (two of 2,453 IC 95 %(0-0.4)). The 30-day mortality rate after nonelective THA was 1.15 % (nine of 779 IC 95 %(0.7-2.4). To analyze the factors that could have contributed with death, we conducted a 4-to-1 nested casecontrol study. Control cases were strictly matched by sex, age, surgeon, prosthesis fixation mode, and date of surgery. Conditional logistic regression was used to evaluate the association of risk factors with mortality. Elective surgery was associated with a lower risk of mortality with an odds ratio (OR) of 0.07 (95 % CI 0.008-0.6);p=0.015. American Society of Anesthesiologists (ASA) score III-IV increased the mortality risk 13 times (OR 13.7; 95 % CI 1.6-114.8). Cardiovascular disease increased the risk for mortality eight times ). Time delay before surgery showed a trend towards significance (p=0.06). Aggressive vs. nonaggressive thromboembolism prophylaxis and the amount of blood transfusions required were not associated with a higher risk of death. Patients undergoing a THA due to fractures, patients with high ASA score, and those with cardiovascular disease were the highest risk factors for 30-day mortality after primary THA.
Introduction
Total hip arthroplasty (THA) constitutes one of the most reliable, safe, and cost-effective surgical procedures [1] [2] [3] . In spite of this, it carries a death risk which has been well documented in the past [1, 4, 5] . The perioperative mortality rates associated with THA's ranges from less than 1 % to almost 30 % [6, 7] . The associated risk factors have also been described elsewhere. Mortality after THA has been associated with gender, advanced age, history of cardiorespiratory, and renal and cerebrovascular diseases [8] [9] [10] . Most of this data originated from leading orthopedic centers from the United States of America or Europe. There is, however, a paucity of mortality data associated with THA emanating from other areas [11] . The aim of this study was to determine the prevalence, the associated risk factors, and the 30-day mortality rate following primary THA in a single institution and compare it to those described previously.
Material and Methods
Between May 1993 and May 2006, 3,232 primary THAs were performed in a single institution. Two thousand four hundred fifty-three were elective surgeries and 779 surgeries were nonelective procedures due to displaced femoral neck fractures. Two thousand three hundred eighty-one patients underwent cemented fixation, which was the most frequent fixation mode utilized in this series. Hybrid fixation was used in 793 cases and uncemented fixation in 58 patients. General data were compiled from our own computerized total joint arthroplasty registry. Extensive data of each surgery performed at our institution and any follow-up contact with the patients are recorded in this registry. We chose the 30-day perioperative mark according to the criteria proposed by Parvizi et al. [9, 10] . Mortality related data of the whole series of patients included in this study was obtained and analyzed.
The cause of death described in Table 1 was obtained from death certificates in all the patients. In those patients who died during hospital stay information was also obtained from the in-patient charts.
We analyzed the mortality rate after THA in our institution. A retrospective 4-to-1 nested case-control study was designed in order to determine the factors that could have been related to the cause of death. Each case consisted of a patient that has died in the 30-day period after surgery and four patients that remained alive in the same period after surgery were controls for that case. The matching was strictly performed according to sex, age, mode of fixation of the reconstruction, type of operating surgeon (staff, fellowship, or resident), and the same 3-month period of the year of surgery. As they were chosen as matching variables, these parameters were excluded from further analysis. Risk factors for death were analyzed, taking into account the following parameters: elective vs. non elective surgery, simplified preoperative ASA score (American Society of Anesthesiologists) [12] dividing it into two groups: I-II (lower risk) and III-IV (higher risk), presence of severe cardiac disease (coronary artery disease, congestive cardiac failure, chronic or acute arrhythmias, and history of myocardial infarction), time to surgery after admission (variable which mostly applies to fracture cases) which was divided it into two groups (more than 72 h or less than 72 h), units of blood transfusion during the hospitalization (more or less than 2 U of blood), and thromboembolic prophylaxis used. Multimodal prophylaxis method defined by Salvati et al. at Hospital for Special Surgery [13] is regularly employed in our institution. This method consists in a series of safe preventive measures applied before, during, and immediately after surgery to reduce the risk of venous thromboembolism. In our institution, patients who undergo THA are operated under hypotensive epidural anesthesia with intraoperative heparin. We do not use immediate postoperative intermittent pneumatic compression, but all the patients use elastic stockings and they are early mobilized (emphasizing repeated and vigorous active dorsiflexion of ankles). Postoperative pharmacologic prophylaxis is classified as aggressive (warfarin, heparin, and low molecular weight heparins), applied in patients with predisposing factors, and nonaggressive (aspirin) in patients without predisposing factors who mobilize promptly, avoiding the risk of bleeding associated with the use of anticoagulants.
To allow a matched analysis, conditional logistic regression was used to evaluate the multivariate association of type of surgery (elective or nonelective) with mortality. A significance level was defined as p=0.05.
Results
Global mortality prevalence was 0.34 % (11 dead patients from 3,232 THA's performed). Patients' data and causes of death are shown in Table 1 . The most frequent cause of death was related to cardiac events (seven of 11 (63 %). The cardiac events leading to death were: acute myocardial infarction (three patients), heart failure (two patients), heart pacemaker failure (one patient), and congestive heart failure (one patient).
Fatal pulmonary embolism occurred in four patients of 3,232 (0.12 %). Three of these four patients had nonelective surgery. Therefore, rate of fatal pulmonary embolism in the nonelective group was 0.38 % (three patients of 779).
Mortality rate after primary elective THA was 0.08 % (two of 2,453 CI 95 %(0-0.4)). Mortality rate after primary nonelective THA was 1.15 % (nine of 779 CI 95 %(0.7-2.4). Elective surgery was associated with a lower risk of mortality with an odds ratio (OR) of 0.07 (95 % CI: 0.008-0.6), p=0.015, and higher risk ASA score (grades III-IV) significantly increased the mortality risk 13 times (OR: 13.7; 95 % CI: 1.6-114.8), p=0.015. History of cardiovascular disease significantly increased the mortality risk eight times (OR: 8.83 (95 % CI: 1.78-43.6); p=0.008. Time delay before admission and surgery greater than 72 h showed a tendency towards a higher risk for mortality (p=0.06). The amount of blood requirement during hospitalization (p=0.139) and the type of postoperative thromboembolic prophylaxis applied (p=0.571) were not significantly associated with the risk of dying. Table 2 shows the conditional logistic regression for 30-day mortality after primary THA adjusting the type of surgery with different variables.
Discussion
Our study reports the overall mortality rate after primary THAs performed from 1993 to 2006 in a single institution. In this period of 13 years, the global 30-day mortality rate was 0.34 %. We also performed a risk factor analysis between different variables and their association with death. Patients Table 1 Data of patients who died are shown. The patients are identified by a number, age, sex (F female and M male), preoperative diagnoses (AVN femoral head avascular necrosis) and time between surgery (hours) and death assessing those patients who died at home (AH). Causes of death: HF heart failure, AMI acute myocardial infarctation, HPMF heart pacemaker failure, CHF congestive heart failure, PE fatal pulmonary emboli undergoing a nonelective THA due to displaced femoral neck fractures, patients with high ASA score, and those with cardiovascular disease were the highest risk factors for 30-day mortality after primary THA. We consider that such analysis could be useful in order to identify those patients with high risk of death after a primary THA.
The most important limitation of the present study is its retrospective nature as differences or variability in the accuracy of data recording can be present. Another limitation may relate to the real prevalence of selected comorbidities and associated risk factors in our population, as we analyzed those patients who died and their respective control group (nested case-control study) and not the whole population of primary THA.
We utilized the criteria proposed by Parvizi et al. to analyze mortality within a period of 30 days after surgery [9, 10] . They defined that a shorter period may have missed deaths that were directly related to the hip surgery and a longer period would have detected an increasing number of deaths that were not directly related to the hip procedure. The global 30-day mortality rate in our study is similar to those reported by other authors (Table 3) [4, 9, 10, 14]. Memtsoudis et al. [8] , using national in-patient data collected between 1990 and 2004, provided representative data on the characteristics of patients who died after hip and knee arthroplasty in the US. The cumulative in-hospital mortality rate was 0.35 % in an estimated 6,901,324 procedures. Liu et al. [14] reported a 158 % increment in the number of THAs performed in the United States between 1990 and 2004. They also found that even though the study population had more comorbidities, the in-hospital mortality rates after primary THAs remained low and slightly decreased from 0.32 % to 0.29 % in the study period.
The mortality rate was significantly higher in patients undergoing a primary THA after fractures of the femoral neck. Unlike other centers where THAs due to displaced femoral neck fractures are managed by trauma surgeons, at our institution, these patients are treated by our hip adult reconstruction team. Therefore, patients with fractures are part of our whole population undergoing a primary THA. Other authors [1, 5, 9, 10, 15, 16] also reported similar findings comparing THAs performance due to trauma with those performed electively due to other orthopedic pathology. Several reasons could be cited to explain this association. Femoral neck fractures usually occur in the elderly. This group of patients often has a history of multiple comorbidities [17] . It is not infrequent that the fracture was the consequence of other risk factors (osteoporosis, instable gait, muscle weakness, etc.) or it is associated with an acute pathology that predisposed the patient to fall. The urgent nature of the fracture treatment may also reduce the time to study and properly stabilize those acute preoperative medical conditions, increasing perioperative risk of complications in this group of patients.
Liu et al. [14] compared different periods of interest within the entire 14-year follow-up period in his study. He found that a patient operated later during his follow-up had a greater number of risk factors and comorbidities such as hypertension, diabetes, coronary artery disease, and obesity.
The ASA score is a widely used and accepted system to quantify preoperative medical conditions [12] . In our series, patients with ASA III-IV showed a significantly greater risk of death than patients classified as ASA I-II. Patients categorized as ASA III-IV are those with severe systemic disease under treatment without an incapacitated condition (grade III, for example, stable coronary artery disease) or with an incapacitated condition that is a constant threat to life (grade IV, for example, unstable coronary artery disease or acute myocardial infarction).
Patients with a history of severe cardiac disease also showed significant risk for death. Parvizi et al. [9] in looking at patients undergoing THA after hip fractures, found that more than onethird of their deaths were associated with sudden cardiopulmonary arrest following hip surgery. They believe that most of these events could be explained as late sequelae of intraoperative embolization of marrow and fat elements [18] [19] [20] . In our series, a cardiac event was the most frequent cause of death after THA (63 %). This finding was opposite to our expectation due to the historical relationship between fatal pulmonary embolism as a cause of death after THA [21] . However, other authors [5, 22] also found, with different levels of evidence, that fatal embolism is not the most frequent cause of death after joint replacement. Based on that finding, Shepherd et al. applied in their patients mechanical methods to prevent fatal pulmonary embolism and they did not recommend the routine use of chemoprophylaxis following joint replacement [22] .
Different prophylactic modalities have been described in an attempt to reduce deep venous thrombosis and fatal pulmonary embolism associated to a THA. Despite the increased use of anticoagulants for thromboprophylaxis, the mortality of patients undergoing THA has remained constant during the last decade [23] . Therefore, the use of aggressive anticoagulation is questionable [5] as these agents have potential lifethreatening side effects from systemic and local bleeding complications [24] [25] [26] [27] [28] [29] . Murray et al. [30] performed a metaanalysis of all studies on hip replacement which included information about death or fatal pulmonary embolism. The fatal pulmonary embolism rate ranged from 0.1 % to 0.2 %; even in patients who received no prophylaxis. They also reported a mortality rate ranging from 0.3 % to 0.4 %, and neither heparin nor any other prophylactic agent caused a significant decrease of these rates. Aynardi et al. [31] analyzed the 90-day mortality after THA and the causes of death they reported are consistent with our findings. They described cardiovascular events as the most common cause of death (16 of 41 deaths in 7,478 THAs) and only two patients with a death associated with fatal pulmonary embolism. We apply the protocol of prophylaxis defined by Salvati et al. who recently published their conclusions after 30 years of experience [13] . It consists of a multimodal approach that uses anticoagulation in high-risk patients and aspirin in the vast majority of patients who have no predisposing factors and who mobilize promptly [13] . In our series of patients in whom we applied these principles, death after THA occurred independently of the type of postoperative drugs utilized.
Time delay between admission and surgery has been reported as a factor of high-risk death and other major complications after hip surgery [32] . In spite of being a variable which mostly applies to fracture cases, we found a tendency towards a higher risk of death comparing those patients who underwent hip surgery before and after 72 h of the hospital admission. Probably, a significant association would also have been found in a larger patient series. In our institution, time delay is not a consequence of material resources (implants, OR availability, etc.), and it is always related to a patient's medical condition. Surgery is delayed until the best possible clinical status is reached, in order to tolerate major surgery such as THA. Moran et al. [32] reported that patients with medical comorbidities that delayed surgery had 2.5 times the risk of death within 30 days after the surgery compared with patients without comorbidities that delayed surgery. They also described an overall significantly increased mortality when a delay of more than 4 days occurred.
Other risk factors for mortality like male sex has been reported by other authors [8, 10] . In this study, sex of the patients was one of the matching variables to define the control group, so no conclusions could be drawn on this variable.
The present study describes the rate of mortality after THA in a single institution. Risk factors related to this undesirable event were also identified. Those patients with a nonelective surgery (fractures), classified as ASA III-IV, with history of a severe cardiovascular disease showed a high risk of dying in a 30-day period after THA. Our findings are consistent with those reported previously by leading orthopedic centers. In spite of being infrequent, mortality after a THA is a real concern for the orthopedic surgeon. We hope these findings could be helpful to optimize health care in patients undergoing a primary THA.
